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ABSTRACT 



A semiconductor laser controller comprising an optical 
detecting circuit for detecting the output of a semicon- 
ductor laser, a first circuit for controlling the semicon- 
ductor laser driving current on the basis of a bottom 
output of the semiconductor laser detected by the opti- 
cal detecting circuit, a detecting and holding circuit 
which detects the peak output at the start of the pulse 
modulation of the semiconductor laser and holds the 
peak output, and a second means for the feed-forward 
control of the modulated pulse amplitude of the semi- 
conductor laser after the start of the pulse modulation, 
whereby the semiconductor laser controller is capable 
of restricting the change of the peak output of a semi- 
conductor laser resulting from the variation of the quan- 
tization efficiency with temperature and passage of 
time, and stabilizing the peak output within a short time. 

8 Claims, 20 Drawing Figures 
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SEMICONDUCTOR LASER CONTROLLER 

BACKGROUND OF THE INVENTION 

1, Field of the Invention ^ 
The present invention relates to a semiconductor 

laser controller. 

2. Description of the Prior Art 

Semiconductor laser controllers have been proposed jq 
for use in an optical disk apparatus of an addition record 
type which records data by directly modulating a semi- 
conductor laser by recording signals and forming holes 
in a rotating disk-shaped recording medium. 

A typical semiconductor laser controller has been 15 
disclosed in Japanese Patent Application No. 57-34903 
of the applicant of the present application. In this con- 
ventional semiconductor controller, the output of a 
semiconductor laser is monitored continuously with an 
optical detector accommodated together with the semi- 20 
conductor laser in a package, the output of the semicon- 
ductor laser is sampled directly when pulse modulation 
is not executed or the bottom output monitor voltage is 
sampled when pulse modulation is executed, by means 
of a peak detection circuit or a sample hold circuit, and 25 
the output or the bottom output monitor voltage is 
compared with a reference voltage (V5) corresponding 
to a predetermined bottom output for the feedback 
control of the semiconductor laser driving current. 

A semiconductor laser controller of such a construe- 
tion, however, has a problem that since only the bottom 
output is controlled when pulse modulation is executed, 
the peak output changes under the influence of the 
change of the characteristics of the semiconductor laser 
with temperature and passage of time. A semiconductor 
laser is subject to great variation with temperature and 
passage of time in respect of oscillation threshold value 
and quantizing efficiency. An object of the above-men- 
tioned semiconductor laser controller is to restrict the 

40 

output vanation of a semiconductor laser resulting from 
the change of the oscillation threshold value with tem- 
perature and passage of time to the least extent. FIG. 1 
is a graphical representation of laser output characteris- 
tics, for assistance, in explaining the functions of a con- 
ventional semiconductor laser controller, in which the 
relation of semiconductor laser driving current to semi- 
conductor laser output characteristics is shown. In FIG. 
1, an arrow G indicates the change of the output charac- 
teristics of a semiconductor laser from a curve A to a 
curve B due to the change of the oscillation threshold. 
An arrow H indicates the output characteristics of the 
same from a curve B to a curve C indicated by broken 
line due to the change of the quantization efficiency. In 
FIG. 1, Vjis bottom output monitor voltage, is peak 55 
output monitor voltage when pulse modulation is exe- 
cuted, Vr is modulated pulse voltage amplitude, and 
Rl is the load resistance of a semiconductor laser. 

Accordingly, modulated pulse current amplitude ' 
I/e=V/?/RL. 60 

The above-mentioned semiconductor laser controller 
stabilizes the bottom output by shifting the semiconduc- 
tor laser driving current from a to b, when the output 
characteristics of the semiconductor laser changes from 
the curve A to the curve. B, and also achieves indirectly 65 
the stabilization of the peak output by a fact that the 
variation of the peak output is limited to the least extent 
if the modulated pulse voltage amplitude V;? is fixed, 



provided that the quantization efficiency remains un- 
changed. 

However, if the quantization efficiency changes, the 
peak output changes accordingly. 

If the peak output of the semiconductor laser is con- 
trolled through a feedback control system, every start 
of pulse modulation requires drawing action and the 
setting time is too long to be neglected as compared 
with the period of pulse modulation. An attempt to 
reduce the setting time causes wide variation of the 
peak output at the start of modulation, which causes 
problems, such as unsatisfactory recording and repro- 
duction, when the semiconductor laser is applied to an 
apparatus, such as an optical disk apparatus, and hence 
the reduction of the setting time has been infeasible. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to provide a semiconductor laser controller capable of 
restricting the change of the peak output of a semicon- 
ductor laser resulting from the variation of the quantiza- 
tion efficiency with temperature and passage of time, 
and stabilizing the peak output within a short time. 

The object of the present invention is achieved by a 
semiconductor laser controller comprising: (a) an opti- 
cal detecting means for detecting the output of a semi- 
conductor laser; (b) a first means for controlling the 
semiconductor laser driving current on the basis of a 
bottom output of the semiconductor laser detected by 
the optical detecting means; (c) a first detecting and 
holding circuit which detects the peak output at the 
start of the pulse modulation of the semiconductor laser 
and holds the peak output; and (d) a second means for 
the feed -forward control of the modulated pulse ampli- 
tude of the semiconductor laser after the start of the 
pulse modulation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graph showing laser output characteristics 
for assistance in explaining the functions of a conven- 
tional semiconductor laser controller; 

FIG. 2 is a block diagram of a semiconductor laser 
controller, in a preferred embodiment, according to the 
present invention; 

FIGS. 3fl-3t/ and 4 are waveform charts and a graph 
of laser output characteristics, respectively, for assist- 
ance in explaining the functions of the embodiment of 
the present invention; 

FIGS. 5 and 6 are block diagrams of amplitude con- 
trol circuits embodying the present invention; 

FIG. 7 is a block diagram of a semiconductor laser 
controller, in another embodiment, according to the 
present invention; 

FIGS, Sa-Se and 9 are waveform charts and a graph 
showing the laser output characteristics, respectively, 
of the embodiment of the present invention; 

FIGS. 10, 11 and 12 are circuit diagrams of semicon- 
ductor laser driving circuits embodying the present 
invention; and 

FIG, 13 is a circuit diagram of a sample hold circuit 
embodying the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A semiconductor laser controller embodying the 
present invention is shown in FIG. 2. In FIG. 2, there 
are shown a semiconductor laser 1, an optical detector 
2, such as a phototransistor packed together with the 



03/21/2004, EAST Version: 1.4,1 



4,689, 

3 

semiconductor laser 1 in a package, and a preamplifier 3 
for converting the output of the optica! detector into a 
predetermined voltage level The optical detector 2 and 
the preamplifier 3 constitute an optical detecting means 
for detecting the output of the semiconductor laser 1. 5 
Also shown in FIG. 2 are: a peak detecting circuit 4 for 
detecting the peak and bottom output of the preampli- 
fier 3, a comparator 5 which compares the output of the 
peak detecting circuit 5 with a predetermined bottom 
output reference voltage W b. an amplifier 6 for amplify- 10 
ing the output signal of the comparator 5, a sample 
holding circuit 7 for sampling and holding the peak 
output signals of the preamplifier 3 when the semicon- 
ductor laser 1 is pulse-modulated, for example, the peak 
output signals corresponding to the initial two pulses at 15 
the start of the pulse modulation, a differential circuit 8 
for subtracting the predetermined bottom output refer- 
ence voltage from the output signal of the sample 
holding circuit 7, an amplitude control circuit for vary- 
ing the pulse amplitude after the start of the pulse modu- 20 
lation, according to the sampled and held output sig- 
nals, a timing circuit 10 which detects the start of the 
pulse modulation, generates a sampling pulse for sam- 
pling the peak output signals, for example, correspond- 
ing to two pulses only at the start of the pulse modula- 25 
tion, and resets the amplitude control circuit 9 during 
the sampling, a clamping circuit 11 for superposing the 
modulated pulse on a bottom output control bias, and a 
semiconductor laser driving circuit 12 for driving the 
semiconductor laser 1. The circuits 4, 5, 6, 11 and 12 30 
constitute the first means for controlling the semicon- 
ductor driving current on the basis of the results of 
detection of the bottom output of the semiconductor 
laser 1, the circuits 7 and 10 constitute a detecting and 
holding circuit for detecting and holding the peak out- 35 
put signals at the start of the pulse modulation, and the 
circuits 8, 9, 10, 11 and 12 constitute the second means 
for the feed-forward control of the pulse amplitude of 
the semiconductor laser according to the output signal 
of the detecting and holding circuit after the start of the 40 
pulse modulation. 

The functions of this embodiment will be described 
hereinafter in connection with FIGS. 3 and 4. 

The output of the semiconductor laser 1 is monitored 
continuously by the optical detector 2, and then the 45 
output is converted into a voltage of a predetermined 
level by the preamplifier 3. The output of the preampli- 
fier 3 corresponding to the bottom output of the semi- 
conductor laser is monitored for peak detection by the 
peak detecting circuit 4. The comparator 5 compares 50 
the monitored output of the preamplifier 3 with a refer- 
ence voltage corresponding to the reference bottom 
output. The amplifier 6 amplifies the difference between 
the output of the preamplifier 3 and the reference volt- 
age Vb for the negative feedback of the amplified out- 55 
put of the amplifier 6 through the clamping circuit 11 to 
the semiconductor laser driving circuit 12. Thus, the 
semiconductor laser bottom output monitoring voltage 
is maintained always at the reference bottom output V^, 
and thereby the bottom output of the semiconductor 60 
laser 1 is adjusted to the predetermined bottom output 
level. When modulation is not performed, the bottom 
output of the semiconductor 1 is maintained at a regen- 
erative output corresponding to the reference bottom 
output V^. At this time, the clamping circuit 11 is not 65 
concerned with this loop. These functions are the same 
as those of the conventional semiconductor laser con- 
troller. According to the present invention, in addition 
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to the above-mentioned functions, the peak output of 
the preamplifier 3 while the semiconductor laser 1 is 
pulse-modulated for a period corresponding, for exam- 
ple, to a pulse modulation period T of FIG. 3a is sam- 
pled and held by the sample holding circuit 7 only at the 
start of the pulse modulation, for example, the output 
signals corresponding to the initial two pulses, and then 
the amplitude control circuit 9 changes the modulated 
pulse amplitude according to the remainder of the sub- 
traction of the bottom output reference voltage V^from 
the samples held by the sample holding circuit 7. Dur- 
ing the variation of the modulated pulse amplitude, the 
amplitude control circuit 9 is reset for a period corre- 
sponding to a predetermined number of pulses, for ex- 
ample, two pulses, by a reset signal as shown in FIG, 3c 
by detecting the start of the pulse modulation and sam- 
pling pulses as shown in FIG. 3^ for sampling the peak 
output side of the two pulses is generated by the timing 
circuit 10. The amplitude control circuit 9 is adjusted so 
as to provide a modulated pulse amplitude Vr as shown 
in FIG. when reset so that the peak output monitor 
voltage of the semiconductor laser 1 coincides with a 
predetermined peak output V^. Thus controlled modu- 
lated pulses is superposed on the bottom output control 
bias, and thereby the modulated pulse amplitude be- 
comes Vr as shown in FIG. under normal tempera- 
ture. 

FIG. 4 is a graph of laser output characteristics, for 
assistance in explaining the function of a semiconductor 
laser controller embodying the present invention. Sup- 
pose that the laser output characteristics of a semicon- 
ductor laser under the normal temperature is repre- 
sented by a curve C showing the relation of semicon- 
ductor laser driving current to semiconductor laser 
output monitor voltage. The peak output voltage of the 
semiconductor laser is Vp and the peak output of the 
same coincides with a predetermined peak output at the 
start of pulse modulation, when the amplitude control 
circuit is reset, provided that the output characteristics 
of the semiconductor laser conform to the curve C. 
When the semiconductor laser output characteristics 
have varied with temperature and passage of time, from 
curve C to a curve D, the peak monitor voltage of the 
semiconductor laser 1 changes to Wp\ and hence the 
peak output of the semiconductor decreases to a level 
below the normal peak output. 

Then, the peak monitor voltage Vp of the semicon- 
ductor laser under a state where the amplitude control 
circuit is reset is sampled and held, and the difference 
Vf'-V^, namely, the difference between the peak moni- 
tor voltage of the semiconductor laser and the normal 
bottom reference voltage, is calculated. For example, if 
the modulated pulse amplitude V;?' is changed from the 
third pulse thereafter in the manner as expressed by: 

Vj?'=V/t(V/^VB)/(Vy-V5), 

as apparent from FIG. 3, the peak output monitor volt- 
age Vpof the semiconductor laser 1 is corrected to Vp, 
and thereby the peak output of the semiconductor laser 
is adjusted to the normal peak output. That is, the ampli- 
tude control circuit 9, when reset mode is cancelled as 
shown in FIG. 3c upon the reception of a voltage 
Vp—\Bf changes the modulated pulse amplitude from 
Vr to Vr as shown in FIG, 3d to adjust the peak output 
of the semiconductor laser to the normal level through 
feed-forward control. 

Thus, since the semiconductor laser controller ac- 
cording to the present invention comprises an optical 



03/21/2004, EAST version: 1,4.1 



4,689,795 

5 6 

detecting means for detecting the output of a semicon- tution and the functions of this embodiment which are 

ductor laser, a first means for controlling the semicon- different from those of the first embodiment will be 

ductor laser driving current according to the bottom described. In FIG. 7, there are shown a first sample 

output of the semiconductor laser detected by the opti- holding circuit 17 for sampling and holding the peak 

cal detecting means, a sampling and holding circuit for 5 output side of the output of a preamplifier 3 when a 

sampling and holding the peak output of the semicon- semiconductor laser 1 is pulse-modulated, for a period 

ductor laser at the start of pulse modulation, and a sec- corresponding, for example, to two pulses generated 

ond means for the feed-forwarad control of the modu- immediately after the start of pulse modulation, a sec- 

lated pulse amplitude of the semiconductor laser after sampling and holding circuit 18 for sampling and 
the start of pulse modulation according to the output of lo holding the bottom output of the preamplifier 3 when 

the sampling and holdmg circuit, the peak output of the semiconductor laser 1 is pulse-modulated, for a 

semiconductor laser, when pulse-modulated can be period corresponding, for example, to two pulses gener- 

controlled and stabilized withm a short penod of time. immediately after the start of pulse modulation, an 

for example, within a time corresponding to two pulses. arithmetic circuit 19 for calculating the modulated pulse 

The amplitude control circuit employed in the above- 15 utude after the start of pulse modulation on the 

nientioned embodiment may be embodied in a circuit basisoftheoutputV;>' of the first sample holding circuit 

shown in a block diagram in FIG. 5 or 6. In FIG. 5, j f * * r j i ^ u- 

. ^ . , . • ui rr A A ■ 17 and the output of the second sample holding 

indicated at 13 is a vanable gain amphfier and A is a . ^ ,._ ^ . % 

value expressed by- ^'^^"'^ ^ amplifier 20 for amplifying the output of 

the arithmetic circuit 19, a semiconductor laser driving 

y^=K./(V/>'-V5). k=Vp~Vb. circuit 21 for continuously controlling the current for 
In this circuit, the modulated pulse is applied directly to driving the bottom output of the semiconductor laser 
the variable gain amplifier 13 and the gain is varied with according to the output of an amplifier 6 and for super- 
(divided by V/—V5) to control the modulated posing a fixed modulated pulse current at the start of 
pulse. This circuit is simple in constitution, however, it ^5 Pulse modulation and a modulated pulse current ac- 
requires a variable gain amplifier having excellent fre- cording to the output of the amplifier 20 after the start 
quency characteristics which will not distort the pulse of pulse modulation on the bottom output driving cur- 
waveform, which is disadvantageous in respect of cost. rent, and a timing circuit 22 for detecting the start of 
FIG. 6 shows an improved circuit, in which indicated at pulse modulation, generating sampling pulses for sam- 
13 is a variable gain amplifier and at 14 is a clipping pling. for example, two pulses, only at the start of pulse 
circuit. A fixed voltage Wref'i^ applied to the variable modulation and notice the semiconductor laser driving 
gain amplifier 13 and the gain is controlled with circuit 21 ofthe sampling period. The circuits 4, 5, 6 and 
Vy-V^to obtain a voltage Wr expressed by: 21 constitute a first means to control the current for 

driving the semiconductor laser 1 by detecting the bot- 

v^'=A.y/i=(V/>-V5).VMVp-v^), „ tom output of the semiconductor laser 1. The circuits 17 

and the amplitude of the modulated pulse is clipped by 22 constitute a first detecting and holding circuit for 

the chppmg circuit 14 with this voltage According to ^^^^^^ ^j,^ ^ .j^^ semiconductor laser 1 

this circuit, since any pulse signal is applied to the van- ^^^^ pulse-modulated at the start of pulse modulation 

able gam amplifier 13. the vanable gam amplifier 13 is ^^^^ ^^^^^^^ J ^^^^^^^ 

required to have frequency charactenstics to provide a ^2 constitute a second detecting and holding circuit 

DC vol^ge upon the reception of Vp -V^ in a 40 ^^^^ 

penod, for example, between the second pulse and the ■ j f 1 i. 1 ^ 1 * / -m. - 

fu- J I Tn- ■* I.- V * 1 *i- 1 semiconductor laser when pulse-modulated. The cir- 

third pulse. Thus the circuit which controls the pulse ^„ , ^ , r 

„ K^.j^ ^;™„*K, *u»t ,,;,^r,:+ cults 19, 20, 21.and 22 constitute a second means for the 

amplitude directly has an advantage that the circuit is 1.,^. . ,rv jiji 

capable of employing an inexpensive cUpping circuit of ^ed-forward control of the modulated pulse current 

good frequency characteristics. This circuit also has an 45 amphtude of the semiconductor laser after the start of 

advantage that an inexpensive variable gain amplifier of Pulse modulation, accordmg to the outputs of the first 

high accuracy may be employed according to the mod- andthe second detectmg and holdmg circuits, 

eration of the frequency characteristics. .^h^ functions of the semiconductor laser controller 

Although the amplitude control circuit has been de- ^e descnbed hereinafter m connection with the 

scribed as a circuit which uses two pulses to obtain a 50 drawings. 

sample holding voltage, only a single pulse is sufficient Referring to FIG. 7, the output of the semiconductor 

to obtain a sample holding voltage when the sample laser 1 is monitored continuously by the optical detec- 

holding circuit 7 has good frequency characteristics. tor 2 and is converted into a voltage of a predetermined 

Furthermore, sample pulses may be generated continu- level by the preamplifier 3. The output voltage of the 

ously until the temperature rise resulting from the pulse 55 preamplifier 3 corresponding to the bottom output side 

modulation of the semiconductor laser is stopped and of the semiconductor laser is monitored continuously 

the temperature is stabilized. ^ov peak detection by the peak detecting circuit 4, and is 

Although this embodiment samples and holds the compared with a reference voltage V5 corresponding to 

peak output at the start of pulse modulation by means of the normal bottom output by the comparator 5. The 

the sample holding circuit 7 and the timing circuit 10, it 60 difference between the output voltage of the preampli- 

is also possible to sample and hold the peak output fier 3 and the reference voltage is amplified by the 

simply at the start of pulse modulation. amplifier 6 and the amplified value is applied to the 

This semiconductor laser controller is applicable to semiconductor laser driving circuit 21 for negative 

an optical laser card or the like as well as to an optical feedback. Thus the voltage of the monitored bottom 

disk apparatus for highly reliable performance. 65 output of the semiconductor laser 1 is maintained con- 

FIG. 7 shows another embodiment of the present tinuously at the reference bottom output V^, so that the 
invention. In FIGS. 1 and 7, like reference characters semiconductor laser 1 provides the normal bottom out- 
designate like or corresponding parts. Part of the consti- put. When not pulse-modulated, the bottom output is 
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maintained at a regenerative output corresponding to semiconductor laser 1 coincides with the normal peak 

the reference bottom output. output. 

These functions are the same as those of the conven- The arithmetic circuit 19 shown in FIG. 7 carries out 

tional semiconductor laser controller. This embodiment a division: 

has, in addition to the above-mentioned functions, a 5 

function to sample and hold the peak output side and ^]/(^p-"^b)- 

the bottom output side of the output voltage of the Accordingly, the amplification factor K2 of the ampli- 

preamplifier 3 when the semiconductor laser 1 is pulse- Tier 20 needs to be adjusted so that 
modulated, at the start of pulse modulation for a period, 

for example, corresponding to the initial two pu)ses, by 10 ^ Z^^"^/''"/^*'^*^':,. v*- i- ^/ ' . *u 

the first Ld second sample holding circuits 17 and 18 On the other hand, the amplifier 20 applies to the 

and, thereafter, to vary the modulated current ampli- semiconductor laser driving circuit 21. As shown in 

tude according to the values held by the first and sec- flG. U upon the release of the reset signal, the modu- 

ond sample holding circuits 17 and 18. The timing cir- lated pulse current amplitude is changed immediately 

cuit 22 detects the start of pulse modulation for a modu- 15 ^om V/?/Rl = I^ to Vr/Kl=Ir. Consequently, as 

lation signal of a period T as shown in FIG. 8a sends a shown in FIG. He. the peak output monitor voltage of 

reset signal as shown in FIG. 8^ to the semiconductor the semiconductor laser 1 changes from V/<F) to V/<E) 

laser driving circuit 21 for the duration of a predeter- within a far shorter time than the setting time of the 

mined number of pulses, for example, two pulses, and drawing action which always accompanies feedback 

generates sampling pulses as shown in FIG. Hb for sam- 20 control, and thereby the peak output of the semiconduc- 

pling the peak output side of two pulses and sampling tor laser is adjusted to the normal peak output, 

pulses as shown in FIG. 8c for sampling the bottom The semiconductor laser dnvmg circuit 21 employed 

output side of the two pulses. this embodiment may be embodied m a circuit, for 

The semiconductor laser driving circuit 21 is sup- example, as shown in FIG. 10, 11 or 12. 

posed to be adjusted so that, upon the reception of the 25 I" FIG- 10, indicated at 33 is an analog switch which 

reset signal from the timing circuit 22, a modulated connects the V/?.side or the V/j '-side to the circuit when 

pulse current Ir = V/j/Rl which makes the peak output the reset signal is on H-level or on L-level [FIG. Sd] 

monitor voltage of the semiconductor laser 1 coincide respectively. The analog switch 33 provides an output 

with the normal peak output monitor voltage Vpin the Vc Indicated at 34 is a multiplier. When a modulated 

normal temperature adjusting mode is superposed on 30 pulse of an amplitude Vo= 1 is applied to the multiplier 

the bottom output driving current. 34, the same provides a modulated pulse of an amplitude 

FIG. 9 shows a diagram showing laser output charac- Vo In this circuit, the multiplier 34 may be substituted 

teristics, for assistance in explaining the functions of the by a divider to make the arithmetic circuit 19 execute 

embodiment of the present invention. subtraction instead of multiplication. When a divider is 

The manner of controlling the peak output of a semi- 35 employed, the arithmetic circuit 19 is supposed to exe- 

conductor laser through the use of the semiconductor cute a subtraction, V^'=V/>'- V^' and X/Vr instead of 

laser controller of the above-mentioned constitution V/? or 1/Vr instead of V^' is applied to the analog 

will be described hereinafter in connection with FIGS. switch 33. Accordingly, the amplification factor K2 of 

7, 8 and 9. the amplifier 20 needs to be adjusted to l/Vj?(V/>- V^). 

Referring first to FIG. 9, suppose that the output 40 In this state, the amplifier 20 applies I/Vr to the semi- 
characteristics of the semiconductor laser adjusted to conductor laser driving circuit 21. 
the normal temperature condition is represented by a In these conditions, the modulated pulse is applied 
curve E showing the variation of the semiconductor directly to the multiplier 34 or the divider 34 and multi- 
laser output monitor voltage with semiconductor laser plied or divided by Vc to control the modulated pulse 
driving current. As long as the variation of the output of 45 voltage amplitude. This configuration is simple in con- 
the semiconductor laser with the semiconductor laser struction, however, it requires a multiplier or a divider 
driving current conforms to the curve E, the peak out- having good frequency characteristics which will not 
put monitor voltage V/<E) at the start of pulse modula- distort the pulse waveform and has problems in respect 
tion is Vp, and hence the semiconductor laser 1 provides of accuracy and cost. 

the normal peak output. If the output characteristics of 50 The modulated pulse of the amplitude Vr or V^' 

the semiconductor laser 1 changes with temperature or controlled by the multiplier 34 or the divider 34 is su- 

passage of time, from the curve E to a curve F, the peak perposed on the voltage for driving the bottom output 

output monitor voltage of the semiconductor laser 1 at of the semiconductor laser 1 by a clamping circuit con- 

the start of pulse modulation changes to Vf(F), and sisting of a capacitor 35 and a diode 36. The mixed 

thereby the peak output of the semiconductor laser 1 55 semiconductor laser driving voltage is applied to the 

decreases to a value below the normal peak output. base of a semiconductor laser driving transistor 37 so 

To maintain the peak output of the semiconductor that a semiconductor laser driving current is supplied to 

laser 1 at the normal peak output, a sample peak output the load resistance 38 of the semiconductor laser 1 to 

monitor voltage Vp and a sample bottom output moni- drive the semiconductor laser, 

tor voltage V^' of the semiconductor laser 1 sampled 60 Referring to FIG. 11 showing another embodiment 

immediately after the start of pulse modulation are com- of the semiconductor laser driving circuit, indicated at 

pared to obtain the difference Vp'—Vs and the modu- 39 and 40 are transistor and a resistance, respectively, 

lated pulse voltage amplitude is changed to a modulated The transistor 39 and the resistance 40 constitute a 

pulse voltage amplitude V^' as expressed by: switching circuit for switching between ground and Tc 

V/i'-V/i(V/»— V5)/(V/>'— Vfi') 65 in accordance with the modulated pulse. Consequently, 

from the third pusle. Then, as apparent from FIG. 9, the the amplitude of the modulated pulse is converted from 

peak output monitor voltage of the semiconductor laser Vo to Tc Then, the semiconductor laser 1 is controlled 

1 is adjusted to Vp, and thereby the peak output of the in the same manner as that explained with reference to 
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FIG. 4. This embodiment needs neither the multiplier 
34 nor the divider 34, however, the arithmetic circuit 19 
is required to complete a division: Kj/(V/>' — Vy) be- 
fore the reset signal is released, in this case, before the 
reset signal is changed from H-level to L-level. This 5 
division is a so-called DC operation and does not deal 
directly with the modulated pulse, therefore, the fre- 
quency characteristics which will not distort the pulse 
waveform are not essential, and hence an inexpensive 
and highly accurate circuit can be used. It is possible to 10 
use a monolithic IC, 

Referring to FIG. 12 showing further embodiment of 
the semiconductor laser driving circuit, there are shown 
transistors 51, 52 and 53, and resistances 54, 55 and 56. 
The collector and the emitter of the transistor 51 are jj 
switched on or switched off according to the modulated 
pulse. While the transistor 51 is switched off, a current 
II flows through the semiconductor laser 1, and 
thereby the semiconductor laser 1 is driven only by the 
bottom output driving current, and hence the normal 20 
bottom output of the semiconductor laser 1 is main- 
tained. While the transistor 51 is switched on, the cur- 
rent li that flows through the semiconductor laser 1 
changes to 

therefore, the semiconductor laser is driven by a current 
corresponding to the addition of the bottom output 
driving current and the modulated pulse current to 
maintain the output of the semiconductor laser at the 
normal peak output. The voltage V^f between the base 
and the emitter of the transistor 52 is neglected, how- 
ever, the actual voltage is Vc ^V^f. 

A sample holding circuit shown in FIG. 13 may be 
employed as the first and second sample holding cir- 
cuits 17 and 18 of the embodiment. In FIG. 13, there are 
shown a voltage level converter 57, a field effect tran- 
sistor 58, a holding capacitor 59, and an operational 
amplifier 60 of the FET input type. Sample pulses of 
TTL level are converted into a +Vcc level and —Vdd 
level by the voltage level converter 57, and then applied ^ 
to the gate G of the field effect transistor 58. While the 
gate voltage is +Vcc» a source input voltage below 
4-Vcc— V/^i is connected. While the gate voltage is 
— V/ji), a source input voltage above — V£>/>is discon- 
nected. Vth indicates a voltage necessary to connect the 
source S and the gate G of the field effect transistor. 
The respective levels of -}-Vcc and —Vdd are deter- 
mined according to the range of the output monitor 
voltage of the semiconductor laser, namely, the output 
of the preamplifier 3 for sampling and holding. When 50 
the level of the sampling pulses changes from L-level to 
H-level as shown in FIG. Sb, the gate voltage of the 
field effect transistor 58 changes from — VoDto +VcCi 
and thereby the source S and the drain D are connected. 
Consequently, the output monitor voltage of the semi- 55 
conductor laser is applied to the holding capacitor 59 
and provided through a buffer of the voltage follower 
type using the operational amplifier 60. When the level 
of the sampling pulses changes from H-level to L-level, 
the gate voltage of the field effect transistor 58 changes 60 
from -fVcc to —\dDi and thereby the source S and the 
drain D are disconnected, and the output monitor volt- 
age of the semiconductor laser immediately before the 
disconnection is provided through the buffer. 

This embodiment employs the peak detecting circuit 65 
4 as the fu'st means for detecting the bottom output of 
the semiconductor laser to control the driving current, 
a method" employing a circuit similar to the sample 
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holding circuits 17 and 18, to hold the bottom output 
monitor voltage of the semiconductor laser immediately 
before the start of pulse modulation, during pulse modu- 
lation, or a method for sample and hold the bottom 
output side of the semiconductor laser continuously also 
during pulse modulation may be employed. These 
methods may additionally employ the second sample 
holding circuit 18. In such a case, the sampling pulses 
provided by the second sample holding circuit 18 are 
sent out through the timing circuit 22 at a timing for 
sampling the bottom output, immediately before the 
start of pulse modulation or over the entire period of 
pulse modulation. While pulse modulation is not per- 
formed, the level of the sampling pulse must be H-level. 

Furthermore, this embodiment employs the second 
sample holding circuit 18 for sampling and holding the 
pulse modulated bottom output of the semiconductor 
laser immediately after the start of pulse modulation and 
the timing circuit 22 as the second detecting and hold- 
ing circuit, however, the sample holding circuit 18 and 
the timing circuit 22 may be constituted so that the 
bottom output side is sampled and held, not only imme- 
diately after the start of pulse modulation, but also im- 
mediately before the start of pulse modulation or over 
the entire bottom period of pulse modulation. 

In the explanation made hereinbefore, the embodi- 
ment is considered to obtain the sample holding voltage 
on the basis of the initial two pulses at the start of pulse 
modulation, however, one pulse is enough to obtain the 
sample holding voltage, provided that the sample hold- 
ing circuits 17 and 18 have good characteristics and 
temperature variation at the junction resulting from the 
pulse modulation of the semiconductor is stabilized 
within one pulse, or more than two pulses within an 
appropriate range relative to the pulse modulation per- 
iod may be used, 

Tliis embodiment employs the first and second sam- 
ple holding circuits 17 and 18 which sample and hold 
the peak output and the bottom output of the pulse 
modulated semiconductor laser immediately after the 
start of pulse modulation and the timing circuit 22 as the 
first detecting and holding circuit for detecting and 
holding the peak output of the pulse-modulated semi- 
conductor laser immediately after the start of pulse 
modulation and the second detecting and holding cir- 
cuit for detecting the bottom output of the pulse- 
modulated semiconductor laser immediately after the 
start of pulse modulation and holding the detected bot- 
tom output for the rest of the period of pulse modula- 
tion, however, a peak detecting circuit for detecting the 
peak output of the pulse-modulated semiconductor laser 
immediately after the start of pulse modulation and a 
peak detecting circuit for detecting the bottom output 
immediately before the stait of pulse modulation, imme- 
diately after pulse modulation or during the bottom 
period in the period of pulse modulation may be em- 
ployed. 

Obviously many modifications and variations of the 
present invention are possible in the light of the above 
teachings, and hence the present invention is not limited 
to those embodiments disclosed herein. It is therefore to 
be understood that within the scope of the appended 
claims in the invention may be practiced otherwise than 
as specifically described. 

What is claimed is: 

1. A semiconductor laser controller comprising: (a) 
an optical detecting means for detecting the output of a 
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semiconductor laser which output varies between a 
peak output and a bottom output; (b) a first means for 
controlling the semiconductor laser driving current on 
the basis of a bottom output of the semiconductor laser 
detected by the optical detecting means; (c) a first de- 5 
tecting and holding circuit which detects the peak out- 
put at the start of pulse modulation of the semiconduc- 
tor laser and holds the peak output; and (d) a second 
means for feed -forward control of a modulated pulse 
amplitude of the semiconductor laser after the start of 10 
the pulse modulation. 

2. A semiconductor laser controller according to 
claim 1, wherein a second detecting and holding circuit 
for detecting and holding the bottom output of the 
pulse-modulated semiconductor laser is provided addi- 15 
tionally, and said second means includes means to carry 
out feed-forward control of the modulated pulse ampli- 
tude of the semiconductor laser after the start of pulse 
modulation, and means responsive to the output of the 
second detecting and holding circuit and the output of 20 
the first detecting and holding circuit. 

3. A semiconductor laser controller according to 
claim 2, wherein the pulse modulation is provided over 
a predetermined period, and said second detecting and 
holding circuit includes means to detect the bottom 25 
output immediately after the start of the pulse modula- 
tion and to hold the bottom output during the remain- 
der of the period of pulse modulation, selectively mov- 
able to a first position or a second position. 

4. A semiconductor laser controller according to 30 
claim 1, wherein said second means comprises a differ- 
ential circuit which subtracts a reference bottom output 
from the output of the detecting and holding circuit, 
and an amplitude control circuit which controls the 



modulated pulse amplitude on the basis of the output of 
the differential circuit after the start of pulse modula- 
tion, said amplitude control circuit being connected to 
said first means for providing an output thereto. 

5. A semiconductor laser controller according to 
claim 4, wherein said amplitude control circuit is a 
variable gain amplifier, modulated pulses are applied 
directly to the input terminal of the variable gain ampli- 
fier, and the modulated pulse amplitude is controlled on 
the basis of the output of the differential circuit. 

6. A semiconductor laser controller according to 4, 
wherein said amplitude control circuit consists of a 
variable gain amplifier and a clamping circuit, a fixed 
voltage is applied to the input terminal of the variable 
gain amplifier, the gain of the variable gain amplifier is 
controlled on the basis of the output of the differential 
circuit, the output of the amplitude control circuit is 
given to the clamping circuit, and the amplitude of the 
modulated pulse is controlled on the basis of the output 
of the variable gain amplifier. 

7. A semiconductor laser controller according to 
claim 1, wherein said first detecting and holding circuit 
uses a plurality of pulses for obtaining a sample holding 
voltage. 

8. A semiconductor laser controller according to 
claim 1, wherein said second means has an arithmetic 
circuit which receives the respective outputs of the first 
and second detecting and holding circuits and calcu- 
lates the modulated pulse amplitude after the start of 
pulse modulation, and the first means controls the sup- 
ply of the driving current, namely, the modulated pulse 
current, according to the output of the arithmetic cir- 
cuit. 

***** 
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